1. Introduction
===============

Multiple myeloma (MM) is a common hematological carcinoma characterized by malignant clone of plasma cells derived from diverse genetic events contributing to the onset, progression and prognosis of this disorder.^\[[@R1]\]^ Precise and effective prognostic markers can provide an optimal treatment and benefit more patients.^\[[@R2]\]^ Since prognostic markers stratify patients effectively, overall survival (OS) increased by 1.25 times after many novel drugs developed in the last few years.^\[[@R3]\]^ Currently, cytogenetics, such as 17p13 deletion which indicates poor outcome,^\[[@R2]\]^ is a most accurate prognostic biomarker to identify risk of MM patients. Nevertheless, its cost and convenience for prognosis limits the application. Thus, we need to seek some new prognostic markers easily acquired.

In the 19th century, Rudolf Virchow first found leukocytes among tumor cells, which implied a possible relationship between inflammation and cancer.^\[[@R4]\]^ Some inflammatory factors from accessory cells in tumor milieu, such as interleukin-1 (IL-1), IL-6, and tumor necrosis factor-alpha (TNF-α), facilitated cancer cells' invasiveness.^\[[@R4]\]^ Further studies exhibited that reactive oxygen and nitrogen from inflammatory cells induced mutation of some tumor suppressor genes, and inflammatory factors such as IL-6 and prostaglandin E2 (PGE2) caused DNA methylation,^\[[@R5]\]^ which both played an important role in tumorigenesis. Accordingly, neutrophil to lymphocyte ratio (NLR),^\[[@R6]\]^ coinciding with rationales supported by numerous studies, could offer a precise potency in predicting prognosis of cancers. In fact, many studies already demonstrated the prognostic significance of NLR in various cancers. Consistently, a number of meta-analyses further confirmed this view in colorectal cancer,^\[[@R7]\]^ lung cancer,^\[[@R8]\]^ ovarian cancer,^\[[@R9]\]^ breast cancer,^\[[@R10]\]^ and lymphoma^\[[@R11]\]^ and others.

We searched articles regarding correlation between NLR and MM. Some studies claimed that high levels of NLR indicated poor prognosis of MM, while some others did not. Whether NLR could be a prognostic biomarker of MM remained unknown, so we conducted this meta-analysis to clarify the problem.

2. Methods
==========

This meta-analysis followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.^\[[@R12]\]^ The study protocol was approved by the Ethics Committee of West China Hospital of Sichuan University.

2.1. Retrieval strategy
-----------------------

We examined databases of Pubmed, Cochrane library, and Embase for articles evaluating NLR for predicting the prognosis of MM. In addition, we searched articles by key words of "neutrophil to lymphocyte ratio," "neutrophil: lymphocyte ratio," "NLR," "MM," "Kahler Disease," "prognosis," and "prognostic." Publication date was specified before January 2018, and the references search was also done in case of any omissions.

2.2. Study included criteria
----------------------------

Two independent reviewers evaluated all potential articles. Studies were listed as candidates when they met qualifying criteria as follows:(1)patients were confirmed as MM by the latest diagnostic criteria;(2)studies investigated the relationship between the level of NLR before treatment and prognosis of MM;(3)we were able to obtain hazard ratios (HRs) and 95% confidence intervals (CIs) directly or calculate them by the data from the articles;(4)all the texts were written in English. Moreover, differences were eliminated through discussion.

2.3. Quality assessment
-----------------------

We assessed these studies by Newcastle-Ottawa Scale (NOS).^\[[@R13]\]^ The scale includes 3 aspects of selection, comparability and outcome ranging from 0 to 9 points. We considered 6 points and above eligible in our meta-analysis, and divergences were also resolved by discussion.

2.4. Data extraction
--------------------

Data were extracted and calculated by 2 independent investigators. We extracted the data as follows: first author, study country, publication year, duration of cases, sample size, cut-off value of NLR, HR, and 95% CI, type of study design and follow-up period. Moreover, we contacted the author for original data if we were unable to calculate the effect size through the methods provided by Tierney et al.^\[[@R14]\]^ Any divisions were resolved by discussion.

2.5. Statistical analysis
-------------------------

We used HR with 95% CI to evaluate the influence of NLR on survival of MM patients, and odds ratios (ORs) with 95% CIs were used to assess the association of NLR with clinicopathological factors. Heterogeneity tests were conducted using the I-squared statistic and I^2^ \> 50% was considered a significant heterogeneity. To be more conservative, we chose random effects models to calculate the pooled HRs and 95% CIs if the heterogeneity was significant, or we selected fixed effects models. We also analyzed the source of heterogeneity by meta-regression and subgroup analysis. Also, sensitivity analysis was used to assess the stability of the pooled results, and publication bias was evaluated using Begg test. All the analyses were performed by STATA 12.0 software (STATA, College, TX) and Revman 5.3 (Revman the Cochrane, Collaboration, Oxford, England).

3. Results
==========

3.1. Study retrieval and characteristics
----------------------------------------

The flow-chart of the study screening is presented in Figure [1](#F1){ref-type="fig"}. We retrieved a total of 22 articles after first literature retrieval and added an article to the analysis by reference search. Nine articles were removed after deduplication, and 3 articles were eliminated when we re-screened records. According to title or abstract, 3 other articles were excluded. Thus, we brought altogether 8 studies with 1886 patients published from 2013 to 2017 into our meta-analysis. The characteristics of these studies are listed in Table [1](#T1){ref-type="table"}. Thereinto, the meta-analysis contained 2 studies each from the USA,^\[[@R15],[@R16]\]^ China,^\[[@R17],[@R18]\]^ and Turkey,^\[[@R19],[@R20]\]^ as well as 1 each from Korea^\[[@R21]\]^ and Italy.^\[[@R22]\]^ All the studies referred to each disease stage according to International Staging System (ISS). Additionally, all studies reported the link between NLR and OS, and 4 studies^\[[@R17]--[@R19],[@R22]\]^ including 1334 patients described the link between NLR and progression-free survival (PFS). The follow-up period of all studies was more than 3 years except Li\'s.

![Flow-chart of the included articles.](medi-97-e12678-g001){#F1}

###### 

Characteristics of studies.
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3.2. Association of NLR with OS and PFS
---------------------------------------

The pooled result suggested that a higher level of pretreatment NLR meant shorter OS in MM patients (pooled HR 1.73, 95% CI: 1.23--2.44, *P* = .002; Fig. [2](#F2){ref-type="fig"}) with a significant heterogeneity among studies (I^2^ = 80.9%, *P* \< .001).

![Forest plots of studies evaluating HR with 95% CI of NLR for OS. CI = confidence interval, HR = hazard ratio, NLR = neutrophil to lymphocyte ratio, OS = overall survival.](medi-97-e12678-g003){#F2}

Only 4 studies described the data of pretreatment NLR for PFS. We calculated pooled HR (1.74, 95% CI: 1.11--2.73, *P* = .015; Fig. [3](#F3){ref-type="fig"}), perhaps indicating the significant correlation between NLR and PFS, although there is a heterogeneity among these studies (I^2^ = 87.9%, *P* \< .001).

![Forest plots of studies evaluating HR with 95% CI of NLR for PFS. CI = confidence interval, HR = hazard ratio, NLR = neutrophil to lymphocyte ratio, PFS = progression-free survival.](medi-97-e12678-g004){#F3}

3.3. Association between clinicopathological characteristics and NLR
--------------------------------------------------------------------

Further, we explored the relationship between NLR and clinicopathological characteristics. The pooled results suggested that NLR was higher in ISS stage III (OR: 2.41, 95% CI: 1.27--4.57; *P* = .007), isotype of light chain (OR: 1.74, 95% CI: 1.09--2.79; *P* = .02) and non-responders (OR: 0.50, 95% CI: 0.36--0.71; *P* \< .001). It was indicated that the level of NLR was not associated with gender (OR: 1.41, 95% CI: 0.99--2.01; *P* = .05; Fig. [4](#F4){ref-type="fig"}). The association of NLR with cytogenetics and renal function were not investigated due to insufficient details.

![Forest plots for correlation between NLR and clinicalpathological characteristics. (A) ISS stage; (B) isotype; (C) response; (D) gender. ISS = International Staging System, NLR = neutrophil to lymphocyte ratio.](medi-97-e12678-g005){#F4}

3.4. Heterogeneity
------------------

We performed meta-regression, sensitivity analysis, and subgroup analysis to investigate the root of heterogeneity for PFS and OS. The results of meta-regression revealed no contributions of study country (*P* = .24), cut-off value (*P* = .77), NOS score (*P* = .62) and sample size (*P* = .74) to the source of heterogeneity. Also, sensitivity analysis manifested no weakness of our findings in the absence of any single study by turn (Figs. [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}).

![Sensitivity analysis on the correlation between NLR and OS. NLR = neutrophil to lymphocyte ratio, OS = Overall survival.](medi-97-e12678-g006){#F5}

![Sensitivity analysis on the correlation between NLR and PFS. NLR = neutrophil to lymphocyte ratio, PFS = progression-free survival.](medi-97-e12678-g007){#F6}

Next, we continued to perform subgroup analyses by country, cut-off value, sample size, NOS points, study type and follow-up period (Table [2](#T2){ref-type="table"}). The subgroup analyses exhibited that HR was 1.49 (95% CI: 0.97--2.28, *P* = .072) in eastern countries, while 2.13 (95% CI: 1.57--2.87, *P* \< .001) in western countries. The result of subgroup analysis by cut-off value of NLR was that pooled HR was 1.72 (95% CI: 0.93--3.20, *P* = .083) when cut-off value was 2 and 1.81 (95% CI: 1.42--2.29, *P* \< .001) when cut-off value was not 2. At last, we analyzed the follow-up period and we found that the heterogeneity for OS dropped sharply (I^2^ = 0, *P* = .519) after excluding Li\'s study, whose follow-up period was apparently shorter than others. Simultaneously, the result of incorporating the remaining 7 studies was still significant (HR: 1.94, 95% CI: 1.59--2.37, *P* = .002; Fig. [7](#F7){ref-type="fig"}).
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Subgroup analysis for OS.
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![Forest plots of studies about HR with 95% CI of NLR for OS excluding Li\'s study. CI = confidence interval, HR = hazard ratio, NLR = neutrophil to lymphocyte ratio, OS = Overall survival.](medi-97-e12678-g009){#F7}

3.5. Publication bias
---------------------

We adopted Begg\'s test to evaluate publication bias, which showed no significant publication bias for both OS (*P* = .711) and PFS (*P* = .089).

4. Discussion
=============

This is a meta-analysis designed to investigate the association between NLR and prognosis of MM patients. We computed pooled HR with 95% CI for OS (1.73, 95% CI: 1.23--2.44; *P* = .002) from the data of 1886 MM cases in 8 studies and for PFS (1.74, 95% CI: 1.11--2.73; *P* = .015) from 1334 MM patients in 4 studies. These results were thus supportive of NLR as a prognostic biomarker which can benefit MM patients in clinical management.

Cumulative evidence demonstrated that cancers had an association with leukocyte count. During the last decades, researchers detected that different forms of inflammation recruited immune cells (neutrophils, lymphocytes, natural killer cells, and macrophages) within the tumor microenvironment,^\[[@R23]\]^ which controlled and shaped tumor growth by way of direct contact and cytokine production.^\[[@R4]\]^ Cytokines, including IL-6, IL-17, IL-21, IL-22, and IL-23, were detected at a high level in MM patients. And inflammatory elements, combined with accessory cells in milieu, protected tumor cells from the check of immunocytes and simultaneously promoted the development of tumors.^\[[@R24]\]^ These alterations of components of tumor microenvironment urged patients to respond in the form of change of leukocyte count in the peripheral blood. Further research suggested that macrophages and neutrophils stimulated the tumor cells,^\[[@R25]--[@R27]\]^ whereas B and T lymphocytes inhibited them.^\[[@R28],[@R29]\]^ Therefore, NLR, which was a new index and altered obviously in many cancers, perhaps played an important role in the onset, proliferation, and metastasis of cancers.

In the last few years, several studies about the association between NLR and survival of MM patients were performed in different countries. Most of them concluded that elevated NLR could predict poor prognosis. However, 2 of these studies (Onec and Atallah) suggested negative results of correlation between NLR and OS. We hypothesized that their conclusions were both restricted by the small sample size. As illustrated in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}, our trial suggested a robust finding which lent support to the benefits of NLR as a prognostic marker for MM. Furthermore, the consistency of pooled HR did not weaken despite different types of study design, cut-off values and locations. In summary, our meta-analysis, coinciding with the theories and findings mentioned above, showed that high levels of NLR were associated with short OS and PFS, implying poor prognosis of MM patients.

Nevertheless, several limitations must be considered in interpreting our findings. First, a significant heterogeneity indeed existed in the pooled outcome. Through the subgroup analysis and meta-regression analysis, we excluded some confounding factors, such as cut-off value of NLR, study country, NOS score, sample size, and study type, finding that the heterogeneity came from a study with a short follow-up period. Second, we only investigated the relationship between NLR and clinicopathological factors, including sex, response, isotype and ISS. However, we did not explore the association of cytogenetics, the level of beta-2 microglobulin, and renal function due to inadequate materials. Third, our meta-analysis did not solve the problem of what the appropriate cut-off value of NLR was for stratification, which was important for clinical application.

In conclusion, our findings inferred that higher level of NLR had an association with shorter OS and PFS, which might indicate poorer prognosis of MM patients. Elevated NLR was also associated with ISS, isotype, and the response to treatment. Using the index, we could offer an optimal regime to benefit patients. Owing to these limitations mentioned above, however, we suggest that more large-scale and well-designed investigations should be performed to go deeper into the value of NLR in predicting the prognosis of MM patients clinically.
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